63 blastocysts with cell numbers ranging from 28-34 were selected from published work and influenced the form of the invented blastocyst , PiotrowskaNitsche et al., 2005 . These papers contained much larger data sets and a greater range of cell numbers. In contrast to the analysis of the original authors, this Table combines data from "reversed" distributions with those from regular distributions, combines data from all embryos whatever the apparent geometry or order of clone cell division, combines data irrespective of how many cells each 1/2 stage blastomere contributed to the blastocysts and irrespective of the position of the sperm entry point. Nine embryos in this number range were excluded because the clones appeared to have intermingled (no angle of tilt recorded by the authors).
Supplement 1, In 12 of 55 blastocysts in this data set (21.8%), the cavity shell was formed from one 1/2 stage clone: it had a monoclonal origin.
Data Sets: Distribution of Second Polar Body (2PB) on the blastocyst
There are some reports that the 2PB tends to be located on the surface of the median or middle third of the blastocyst (Gardner, 1997 , Ciemerych et al., 2000 . This is a horizontal slice containing the surface and volume between 33 and 66% of the main axis of the blastocyst and in a 50% model blastocyst it is 26.6µm thick and corresponds to Layer 1 (13.3µm thick) and a slice taken from the cavity shell immediately above the equator (13.3µm thick). Slightly different scoring methods were used in each study and the extent of the cavity in the real blastocysts was judged by eye to be near 50%.
Gardner observed that intact 2PB were on the surface of this region in 64% (n=75) freshly isolated blastocysts and they were also here in 55% (n=63) blastocysts developing in culture (Gardner, 1997) . This observation is supported by the finding that the frequency ranged from 43-53% (n=44) in another study, with the higher figure including cases where the 2PB overlapped the borders between the median region on both sides (Ciemerych et al., 2000) .
This median or middle region is not quite the same as the midzone which was used to score the associations with the blastocyst equator in another paper (Gardner, 2001 
Supplementary Material 2 Derivation of Models
The model blastocyst is geometrically defined in Figure 1 and the text. These following proportions of this invention were related to observations on real blastocysts in the literature as set out below.
1. The number of outside cells at the 32-cell stage is taken to be 21 with 11 inside constituting the ICM (this Supplementary Material, Table S2 .2).
2. The number of cells in the cavity shell is taken to be 8. The cavity shell cell number is about 7 based on regression analysis of all the data in one paper and about 9 for embryos in the cell number range 28-34 inclusive (Supplementary Material 1, Table S1 .1) (Piotrowska et al., 2001, Piotrowska-Nitsche and Table 1 and it bears some relationship to published data. The values in the literature cover a wide range: for instance in the selected data set the mean number of cells in the Boundary Zone is 9 (Supplementary Material 1, Table S1 .1), while in the group of early blastocysts with a greater range of total cell numbers a mean of 11.4 cells (range 9-13) was observed in this region . A similar region in the model (Layer 1) contains 12 cells made up of 5 outer and 7 ICM cells (text Table 1 ). Note that when the model is sliced perpendicular to the main axis into 4 horizontal parts then the segment immediately below the ICM/cavity interface contains 17 cells, considerably more than those reported . This is because the slice is 20 µm deep.
Working backwards in development, the spherical morula is assumed to contain the same cellular volume as the blastocyst (discussed Supplementary Material 3). In the absence of a cavity the total volume of 185,776 µm 3 can be contained in a solid sphere of radius c. 35.43 µm and within that sphere the inner cells maintain the volume of the future ICM (51,084 µm 3 ) in a 23 µm radius sphere. This structure is the invented morula. 1 6 + 0 n = 20 (Kimber et al., 1982) 6.00 1 6 + 0 n = 27 (Reeve, 1982) 3.00 (3-4) 1 6 + 0 1/8, n = 134 (Pedersen et al., 1986) 5.22 (2-7) 16 + 0 n = 65 (Fleming, 1987) 5.50* (2-10)
? ( 1 7 -3 2 ) n = 20 (Barlow et al., 1972) (Handyside, 1978) 13.9 + 3.78 28.76 + 5.12 n = 17 (Handyside, 1978) 8.0 + 1.6 29.3 + 3.9 n = 25 (Chisholm et al., 1985) 9.1 + 2.7 30.5 + 6.2 n = 32 (Chisholm et al., 1985) 10-12 32 (Pedersen et al., 1986) 12.3 + 2.6 31.1 + 3.6 n = 45 (Handyside and Hunter, 1986) 11.90 29.8 (26-31) n = 42 (Fleming, 1987) 12.40 32 (32) n = 65 (Fleming, 1987) 11.90 (Handyside, 1978) 13.60 38.60 (33-53) n = 62 (Fleming, 1987) 13.0 + 3.8 43.1 + 7.3 n =19 (Chisholm et al., 1985) 14.3 + 5.5 50.8 + 8.8 n = 32 (Chisholm et al., 1985) 13.60 38.60 (33-53) n = 62 (Fleming, 1987) 11.2* + 0.7 54.5 + 1.7 n = 43 (Tam, 1988) 15.2* + 1.3 57.7 n = 12 (Rands, 1985) 24.04* (12-37) Copp, 1978) Supplementary Material 2, Table S2.2 Legend   Table S2 .2 contains information gleaned from cultured embryos and those that have been analyzed soon after removal from the mother. Culture does not seem to be a major source of variation between studies. Most of the variation of inside cell numbers at a particular stage is probably due to technique and scoring method and the variation that is explained by these factors can be found both within and between studies. Serial sectioning of embryos appears to increase the total number of cells that are found in the embryo (Chisholm et al., 1985) 
Supplementary Material 3 Blastocyst Morphogenesis
Blastocyst from Morula, Cell Behaviour
There are no detailed descriptions of the cell and volume movements of the morula to blastocyst transition. The mouse blastocyst has a rapidly changing form and two nearly identical studies can obtain different results because there are differences in blastocyst shape between the two samples. However, the major transformations can be pieced together. The morula is a solid ball of cells with lipid drops and mitochondria concentrated near the surfaces of cell apposition (Ducibella and Anderson, 1975, Wiley and Eglitis, 1980) . Vesicles about 1-2 µm in diameter accumulate in these regions and intercellular clefts develop between the cells, as if the vesicles or their contents had been expelled between the cells (Calarco and Brown, 1969 , Wiley and Eglitis, 1980 , Wiley and Eglitis, 1981 . Clefts lead into one or two larger cavities beneath the outside cell layer and a single cavity becomes dominant and for a period it is almost entirely lined by trophectoderm cells, as judged by TEM and SEM Eglitis, 1981, Fleming et al., 1984) .
Scoring under dissecting microscopes, embryologists say that the blastocyst stage begins when the first one or two 5-10µm diameter extracellular cavities can be easily seen under the dissecting microscope, close together at one side of the ball and separated from the exterior by a monolayer: the cell numbers of these "nascent" blastocysts can vary widely but they tend to be in the range 28-33 cells (Smith and McLaren, 1977 , Handyside and Hunter, 1986 , Dietrich and Hiiragi, 2007 . The spatial relationship between the earliest spaces and the final major cavity of the later blastocyst is not known with precision and unfortunately there is little agreement about criteria for staging the subsequent morphogenesis of the blastocyst (Table S3 .1 see below).
Over about 12 hours the cavity expands and forms a 50-60% blastocyst. It is worth noting that while we have adopted the rule that no volume of cellular material is lost during the transition this view is not universally accepted (Wiley and Eglitis, 1981) . The rapid change in form is not tightly linked to cell number and is probably not dependent on cell division. Later changes in form are accompanied by but not dependent on differential growth, survival, and directed cell migration (Table S2 .2). In this late period, there is a disproportionate increase in trophectoderm cell number when compared to those of the ICM with very little interchange between these two populations (Dyce et al., 1987 , Fleming, 1987 . Starting with a slight preponderance of trophectoderm/shell cells in c.32-cell blastocysts, there is more than a three fold increase of these over the 30 h of development to the last recoverable implantation stages containing c.110-139 cells (Copp, 1978 , Handyside & Hunter, 1986 . In sharp contrast and for most of this interval, the increase of ICM cells is slower, doubling or nearly doing so and the explanation appears to be cell death. The ICM shows peaks of 8% or 10% dead cells as judged by nuclear morphology and the trophectoderm over the ICM also displays nuclear remnants (Copp, 1978, Handyside and Hunter, 1986) . Additional data about the relative sizes of these two cell populations support these studies (Handyside, 1978 , Reeve, 1982 , Chisholm et al., 1985 , Rands, 1985 , Hardy and Handyside, 1993 ; (Table S2. 2). The exception to this rule is a study from the author's laboratory where it was found that the proportion of shell cells progressively declined between the 17-32 cell stage and the implanting 129-256 cell blastocyst (Barlow et al., 1972) . The discrepancy is unexplained. In summary, the consensus view is that shell cells increase in number much faster than those of the ICM. The excess shell cells are not evenly distributed and they change the form of the blastocyst. As the blastocyst total cell numbers increase from 31 to 69 so there is a disproportionate increase in the number of cells in the cavity shell after short periods in culture: regression analysis of all data in a particular paper gives 7 cells in the cavity shell at a total cell number of 30 and 18 cells in this position when the total cell number is 60 . As growth proceeds so does this excessive development of the cavity shell so that the between c. 32 cell stage and implantation (110-149 cells) the number of cells in the cavity shell has increased x7 while those over the ICM no more than x3 (Copp, 1978) . There is currently no evidence that cell multiplication is faster in the cavity shell and there is evidence that the progeny of trophectoderm/shell cells over the ICM are an additional source of cells for this region (Copp, 1979 , Cruz and Pedersen, 1985 , Gardner, 1998 , Gardner and Davies, 2002 .
Describing Blastocyst Form Table S3 .1: Historical descriptions of blastocyst form, selected to illustrate the range of descriptions (Nadijcka and Hillman, 1974 , Handyside, 1978 , Pedersen et al., 1986 , Gardner, 1997 , Motosugi et al., 2005 , Waksmundzka et al., 2006 .
Legend Supplementary Material 3, Table 3 .1 Blastocyst Form The left hand column records the extent of the blastocyst cavity expressed as percentage of the distance between the cap apex and the ICM/cavity interface (Fig 1) . The meaning of the terms used to describe these stages has been estimated from illustrations and text of the published papers. The purpose of this Figure is to demonstrate that words should be replaced by quantitative measures. No attempt has been made to illustrate the following: "and sorted into expanded, semi-expanded, nascent, and pre-nascent blastocysts". The 
Geometric Analysis
In the geometric analysis we made various assumptions in generating the favoured model in which the volumes of both the ICM and the shell are halved (text Fig 5) . Alternative models are explored here to discover the extent that the conclusions depend on particular assumptions.
Median value of β blastocyst
The assumptions about blastocyst morphogenesis depicted in text Table S4 .3, with a three fold increase in the frequency of monoclonal cavity shells but slight (c. 1%) changes in the distribution of the circumference in any slice (neither shown).
Other assumptions of the geometric models
The consequences of discarding several assumptions have been considered (Tables S4.2 and S4. 3). In each case morphogenesis begins with a morula divided into two identical hemispheres. Table S4 .2 records the changed assumptions and Table S4 .3 describes the consequence of these changes. 
